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1. INTRODUCTION

The National Reactor Innovation Center (NRIC), established by the U.S. Department of Energy
(DOE) in August 2019, accelerates the demonstration and deployment of advanced nuclear
energy through its mission to inspire stakeholders and the public, empower innovators, and
deliver successful outcomes through efficient coordination of partners and resources. NRIC is a
national program led by Idaho National Laboratory (INL), enabling collaborators to harness the
world-class capabilities of the U.S. National Laboratory System. Committed to demonstrating
advanced reactors by the end of 2025, NRIC is designed to bridge the gap between research,
development, and the marketplace to help convert some of the Nation’s most promising
advanced nuclear reactors into commercial applications by 2030.

To meet these needs, NRIC is developing two reactor demonstration test beds at Idaho National
Laboratory (INL), the Zero Power Physics Reactor (ZPPR) Test bed (ZTB) and the EBR-II Test bed
(ETB). ZTB will support the demonstration of systems that operate at less than 500 kWth. The
baseline objective is for the ZPPR Cell to act as a confinement structure capable of siting
reactors that utilize Safeguards Category 1 material for operations. The major areas addressed
in the pre-conceptual design include:

. Installation of an access door
. Electrical Power

. Heat Removal

. Ventilation in the Cell

. Reactor Installation.

Along with the design for ZTB, a concept of operations (COP) has also been developed. The COP
is intended to facilitate a common understanding of ideas, challenges, and issues. As systems
continue to evolve in complexity, the NRIC program will utilize and update the COP to develop
and sustain a common vision of the system for stakeholders.

NRIC has developed a pre-conceptual design for ZTB during Fiscal Year (FY) 2020. The purpose
of the design is to:

. Develop a set of Functional and Operational Requirements (FOR) for ZTB
. Investigate and identify critical issues

. Develop initial system concepts

. Identify high-cost, high-impact activities

. Develop a Level 5 cost estimate to implement ZTB.

5 INL/EXT-20-59741
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2. SYSTEMS ENVISIONED TO ENABLE ZTB TEST BED
PROGRAM

The systems described in this section of the pre-conceptual design report are those main
systems necessary to meet the requirements identified in FOR-538 [1]. The pre-conceptual
design does not cover all aspects of all systems but concentrates on the aspects necessary to
demonstrate viability of the ZTB project. An overview of the ZTB exterior structure is shown in
Figure 1.

~—RAIL SYSTEM

T NEW WALL
STRUCTURE
#64'—0"

1 - EXISTING
[ CONCRETE CELL
STRUCTURE
— 852'—10"

[__.-"' \"\\
MFC—-775

MOUND MWOT SHOWNW FOR CLARITY

Figure 1. ZTB Exterior Structure Overview
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2.1.1 Assumed Safety Classification

While it is understood that the final safety classification of all equipment associated with the
ZTB will be determined by following the process defined in DOE-STD-1189-2016 [2], the design
team made preliminary assumptions about safety classification of structures, systems, and
components (SSCs) to enable efficient design and cost estimating. The distinction between
safety-significant and safety-class was not a large area of interest since it was an assumption
that active safety systems would be avoided. With passive systems, the design was not
anticipated to change significantly between safety-significant and safety-class equipment. The
assumption was made that systems would generally be safety-class as a bounding scenario.
With this framework, the following assumptions about safety classification were made:

1.  ZPPR Cell Confinement — Safety class for leak tight boundary and structural integrity
during and after NDC-3 hazards

2. Ventilation System — Safety class for passive filtration and isolation
3.  Over/Under Pressure Protection — Safety class to protect structural integrity
4.  Backup Batteries — Safety class for power

An exception to the passive system assumption is that provisions have been included in the pre-
conceptual design to allow for some limited amount of safety-class power at 24V. This
assumption was made to be able to support a limited amount of reactor monitoring in accident
scenarios and/or take a very limited target action (e.g., operate a solenoid valve for a short
period). The pre-conceptual design of this battery power system satisfies the design criteria for
active safety-class systems.

2.1.2 Building Structure and Infrastructure
2.1.2.1 ZPPR Cell Structure

The existing ZPPR cell structure is a 50-foot inner diameter reinforced concrete cylinder with
16-inch walls. At the top of the cylinder is an integral 6-foot, 11-inch wide and 4-foot, 6-inch
tall ring beam. There are two openings into the cylinder, one to the west from the normal
access corridor and one to the northeast for the emergency egress tunnel. The concrete portion
of the structure is approximately 32.5 feet tall measured from the floor level. A steel super
structure sits on top of the ring beam. The steel structure is a 24-sided polygon approximating a
circular structure which extends beyond the ring beam approximately an additional 4 feet. The
steel structure is roughly 28 feet tall. An earthen mound (see Figure 2) surrounds the structure
(covers the corridor, workroom, and vault) from grade up to a height 27.5 feet above the floor
level, 5 feet above the top of the ring beam (5 feet of the steel structure is buried). Figures 3
and 4 provide an elevation view of the current structure and the extent of the mound.

7 INL/EXT-20-59741
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Figure 2. Picture of ZPPR Cell Mound

A catenary cable system is supported from the ring beam. The low point of the catenary cable
system is approximately 23.5 feet above the floor inside the cell. The catenary cable supports
about 21 feet of gravel and sand layers that fill the steel structure.

The original design of the ZPPR cell limited the total load applied to the floor to 250 tons. This
total load limit was anticipated to be challenged by the equipment and shielding structures of
reactor demonstration projects (RDPs). A structural evaluation of the ZPPR foundation was
performed in ECAR-5116 [3] and the total allowable load on the ZPPR floor was increased to a
maximum of 607 tons. The total load from the new roof structure and the demonstration
reactor equipment must be less than 2,889 tons.
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Figure 4. ZPPR Cell Layout and Relative Extent of Mound

In the existing facility configuration, all equipment entering the ZPPR cell must pass through the corridor. This
limits the maximum size to less than 7 feet tall by 4 feet wide (door frame size with no clearance for handling).

2.1.3 Description of Modifications

To support the various systems identified in the pre-conceptual design and provide a method for placement of
large/heavy objects into the ZPPR cell, a new roof structure was developed to replace the existing roof. The
new roof structure has a 30-foot by 30-foot square hatch which will provide access to a large portion of the
cell floor from an external crane.

As an alternative to using the roof to install reactor modules, an opening in the side of the facility was
considered. This configuration would require modification to or possibly replacement of the steel
superstructure to meet Seismic Design Category 3 (SDC-3) requirements. Additionally, a side entry
configuration would further limit size of RDP modules. Additional investigations on the most cost-effective
entry into the ZPPR cell should be performed at the discretion of the program.

Several major demolition activities are required to replace the roof. First, the mound will need to be lowered
by at least 5 feet from its current maximum elevation to expose the entire steel super structure and the
concrete ring beam. Second, the gravel/sand filling the top of the ZPPR cell structure will need to be
excavated. Over 2,000 tons of gravel/sand is anticipated to exist in the top of the ZPPR cell structure. Third,
the steel structure of the roof will need to be removed. Finally, the catenary cable system will need to be
removed.

Each of these activities will present unique challenges due to the existing operational facilities adjacent to the
ZPPR cell. However, the gravel/sand removal is anticipated to be the most challenging. In discussion with
equipment vendors, vacuum excavators are ideally suited to this activity, and the duration of the activity is

INL/EXT-20-
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directly scalable by adding additional excavators. The vacuum excavators can utilize suction hoses longer than
200 feet in length and still accomplish the necessary excavation.

The new roof structure is currently designed as a 16-sided structure with a flat roof extending beyond the
walls 5 to 10 feet (Figure 5). The current concept is that the walls and roof would be cast in place concrete
using traditional forms. However, in the follow-on design phases, precast concrete and stay in place forms
should be considered, to minimize the construction time for the roof.

2.1.3.1 Structural Analysis Scoping

A structural analysis model of the ZPPR cell was created to evaluate wind loads, seismic loads, pressure loads,
and dead loads. As illustrated in Figure 5, the model includes both the proposed new structure and the
existing cell structure. Three options for the proposed new structure were considered and one of the three
was modeled and analyzed.

Proposed Existing Ring Beam

New Structure

Existing Cell Structure

Figure 5. Model of New ZPPR Roof Structure

As stated in FOR-538 [1], the existing ZPPR cell roof above the ring beam, including the gravel/sand inside the
cell structure, will be removed. The existing concrete structure of the cell, including the ring beam, will remain.
The proposed new structure will be started at the top of existing ring beam and will be a reinforced concrete
shear wall system similar to the existing cell structure below.

To meet the nuclear safety and physical security requirements, the major elements of the proposed new
structure include a 2-foot thick roof slab and 2-foot thick by 15-foot high concrete exterior walls, see Figure 6.
There is a proposed hatch (30-foot by 30-foot square) in the middle of the roof. The hatch area was modeled
as an opening with perimeter beams. The loads from the hatch will be carried out by perimeter beams and
then by roof slabs. The utility penetrations in the new structure were not included in the pre-conceptual
design report due to lack of detailed information. However, those penetrations are small relative to the
structure and anticipated to have minimal impact on the structural analysis results.

INL/EXT-20-
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Figure 6. Elevation View of Cell, Existing Structure and Proposed New Structure

In accordance with ASCE 43 [5], both non-seismic demand and seismic demand were evaluated using linear
equivalent static analysis for the pre-conceptual design. Several items were excluded from the model as a
simplification: 1) soil-structure interaction, 2) any structures below cell floor, 3) any structures beyond/outside
existing cell, 4) reinforcement detailing, 5) detailed analysis of the equipment supports, and 6) ductility of the
structure. These items will need to be evaluated as the design progresses; however, during the pre-conceptual
design these items were judged to be of low risk.

The design response spectra for an SDC-3 earthquake was taken from INL/EXT-05-00925 [4] (MFC rock
spectra) and is shown in Figure 7 below.

INL/EXT-20-
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Figure 7. Design Response Spectra for SDC-3 Earthquake

Loads were assumed to act concurrently except wind and seismic loads. Loads applied to the model include
(but are not limited to): 1) equipment loads of 72 kips total (for chillers and pump house), 2) hatch weight of
270 kips, 3) operational pressure (+/- 1.0 psi), 4) lateral earth pressure, 5) live and snow loads, 6) wind loads,
and 7) seismic loads. Wind loads were applied to the structure in accordance with ASCE 7 [6] and evaluated in
all directions.

All analyses were based on the applicable codes and stress design. The strengths for bending, in-plane shear,
and out-of-plane shear, were evaluated for both the proposed new structure and the existing cell structure. A
summary of the evaluation results is shown in Table 1 below.

Table 1. Summary of ZPPR Cell Modification Structural Integrity Analysis Results Summary.

Proposed New Structure Existing Cell Structure
[fc' = 4000 psi] [fc' = 3000 psi]
Max. Values ACI Max. Values ACI
from Model Allowable from Model Allowable
Bending Moment, |b.-in/in 17,600 45,500 1,535 12,850
Shear Stress (out-of-plane), psi 16.10 94.87 5.72 82.16
Shear Stress (in-plane), psi 199 474 300 410

A selection of representative load cases from the analysis are shown in Figure 8 through Figure 13. These
figures show the bending stresses, out-of-plane shear stresses, and in-plane shear stresses, respectively.

Based on the structural analysis using the simplified static model, the ZPPR cell confinement structure can
handle the required loads with acceptable stresses. However, more in-depth analysis including dynamic
seismic analysis with soil-structure interactions will be needed as the design progresses.
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Figure 10. Shear Stress (out-of-plane) for Proposed New Structure

Figure 11. Shear Stress (out-of-plane) for Existing Cell Structure

INL/EXT-20-
NRIC-20-SDD-0

15



ZPPR Test Bed (ZTB) Pre-Conceptual Design Report % N R'C Hﬁl “I.
\

Combined
(local)

293

Clci=i=p=i=pei=i=iol TR
STBogscYs8RsREE L

>=47.8

Load 1004

Figure 12. Shear Stress (in-plane) for Proposed New Structure
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Figure 13. Shear Stress (in-plane) for Existing Cell Structure

As stated in FOR-538 [1], there must be instrumentation or other means to detect and record the occurrence
and severity of seismic events. It is assumed that the existing seismic monitors at MFC/INL will be sufficient to
meet this requirement. If seismic monitoring and reactor shutdown is necessary for the safety case of a given
reactor, it is assumed that equipment will be provided by the RDP.
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2.1.3.2 Exterior Layout
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The exterior of the ZTB will consist of three main areas: 1) the top of the confinement roof, 2) open yard area
east of ZPPR, and 3) new electrical equipment south of building MFC-774. These areas are shown in Figure 14
through Figure 16. The new cooling systems and associated equipment will be located on top of the
confinement roof. Locating this equipment on the roof limits the pipe run distances. The yard area consists of
a large equipment staging area (gravel/soil), a crane operations concrete pad, and a bulk gas equipment

concrete pad (for future use, see Section 2.1.4.5.3).
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The yard area consists of two concrete pads. One for the crane operations area to support reactor loading and
removal, discussed in Section 2.1.3.3. The second concrete pad is for the bulk gas equipment. This pad is
currently 2 feet thick based on 3,000 psi concrete and ground net bearing capacity of 2,500 psf and use of

18
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ASCE 7 [6], ACI 318 [7], and ACI 360 [8]. The load on the pad is based on the assumed weight of major
equipment. However, more detailed analysis in the future may allow for the use of thinner pads. The crane
operations pad is discussed in more detail in Section 2.1.3.3.

Water management also needs to be considered during the implementation of ZTB. Two areas of specific
consideration are drainage, and restoration of mound area membrane (waterproofing).

2.1.3.3 Reactor Loading/Removal

A mobile crane is planned for the major lifting and handling operations for placing a demonstration reactor
and the associated equipment in cell. This option was chosen to avoid the large costs associated with installing
and maintaining a permanent crane. The main factor considered for reactor loading was the maximum weight
that could be lifted using a reasonably sized/priced crane. The reactor will not be the only item that is placed
into the ZTB confinement. FOR-538 [1] requires shielding to be in place for reactor operations to limit the
activation of permanent facility structures and radiation dose to personnel. Shielding materials (typically
concrete and steel) tend to be heavy; therefore, providing a heavier lift capability will allow the shielding to be
installed in fewer lifts. Based on discussions with potential demonstrators, a lifting capability of at least

50 tons was determined to be needed, with a greater capacity desired.

Given the current facility footprint and the location of the equipment hatch centered on the roof, the mobile
crane may need to be positioned up to 120 feet away from the center of the hatch opening to the east as all
other directions are obstructed by existing facilities. To place items as far west as possible (e.g., west side of
the hatch) a reach of 135 feet may be needed. Finding readily available mobile cranes with the necessary load
and reach capability proved to be a challenge.

To reduce the required crane reach, and consequently increase lift capacity for a given crane, the east side of
the ZPPR mound should be excavated to remove approximately 20 feet of the mound and allow the crane
operations pad to be closer to the center of the cell. This will reduce the required crane reach to
approximately 100 feet. The excavation will require a retaining wall be placed on the west side of the crane
operations pad to prevent soil collapse from the remaining ZPPR mound. Figure 17 and Figure 18 show the
general layout for lifting operations.

INL/EXT-20-
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The concrete pad for crane operations is a 2-foot thick pad. This pad is based on 3,000 psi concrete, a ground
net bearing capacity of 2,500 psf, and use of ASCE7 [6], ACI 318 [7], and ACI 360 [8]. The retaining wall is also a
2-foot thick concrete slab with larger reinforcing bar. The retaining wall and the operations pad will be joined
into a single structure to allow the wall to utilize the operations pad to avoid tipping. This will require a strong
joint between the two structures. An example is shown in Figure 19 below.
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Figure 19. Joint Detail Between Retaining Wall and Operations Pad

Due to the large loads that will be applied by the crane outriggers (total crane weight plus the load weight is
over 500 tons), load distribution supports will be required under the crane outriggers. The use of additional
load distribution supports will allow the crane operations pad to be thinner than otherwise allowable.
Localized areas of additional reinforcement or increased thickness were evaluated but would require the
crane to be in a fixed location in all uses and would potentially require longer reach lifts.

To load a prefabricated RDP module into the ZTB, the hatch must be taken off. Based on the planned opening
size and the required concrete thickness, a single piece hatch will weigh approximately 270,000 Ib. At this size,
the hatch will need to be split into three pieces to allow the exterior crane to lift the hatch, see Figure 20. It
may be possible to design a structure that is lighter than solid concrete and would still provide a sufficiently
resilient structure to meet security requirements. If this can be accomplished, it should be pursued since a
single piece hatch will be easier to seal. The hatch is not anticipated to support any loads other than itself and
Natural Phenomena Hazards (NPH) loads.
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Figure 20. Split Hatch Concept

After operations of an RDP complete, the RDP modules will need to be removed. While the reactor will most
likely be defueled prior to removal, it is still anticipated that the modules will be activated by neutrons from
reactor operations. If necessary, a shielded container could be designed for placement on the roof with the
ability to hoist a reactor vessel or highly activated equipment, into the container. In this scenario the shielding
and equipment weight would have to be lower than the allowable crane lifting limit. However, this type of
shielding system will be reactor specific and thus is outside the scope of the ZTB design efforts.

2.1.3.4 Lifting Inside Confinement

Major equipment placements and moves are anticipated to be performed by use of the crane exterior to the
facility. However, some limited lifting and handling operations are likely to be necessary inside the ZPPR cell.
For example, relocation of small equipment or maintenance on the demonstration reactor.

Currently, the ZPPR cell contains a 5-ton polar crane. This crane is planned for removal to allow for a larger
hatch opening. The largest equipment hatch with the polar crane remaining in place would be approximately
12 feet by 12 feet square vs. the 30 feet by 30 feet square planned opening. In addition, the hatch would be
off-center and prohibit access by the exterior crane to perform heavy lifts for a majority of the cell. This design
choice, by default, would limit all in-cell equipment/modules which require relocation to weigh less than or
equal to 5 tons.

To provide an allowance for the removal of the polar crane, FOR-538 [1] requires a 100 psf live load to be
included in the roof design. This load was included in the structural scoping calculations. This load is
anticipated to provide sufficient allowance for a new lifting system to be installed on the inside of the cell.

2.1.3.5 Platforms, Ladders, Walks

Ladders, platforms and cat-walks will be installed, if needed, to provide access to regularly accessed
equipment mounted to the interior walls of the ZTB confinement (e.g., air handling units for the cell air cooling
system), and on the outside roof of confinement (e.g., chillers).
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2.1.4 Mechanical Systems
2.1.4.1 Decay Heat Removal

The ZTB cooling systems are not assumed to be required for decay heat removal of an RDP. This was a
deliberate decision by the design team to avoid the necessity for a very large Safety-Class backup electrical
system. As a result of this decision, analysis of the ZTB confinement to passively reject decay heat generated
by an RDP was necessary.

Scoping studies to assess the ZTB confinement’s ability to reject decay heat were performed as part of the pre-
conceptual design. In total, nine cases were evaluated to determine if the structural temperature limits
(100°C, see FOR-538 [1]) would be met during passive decay heat dissipation. The nine cases included several
variations on the roof structure configuration, physical size of the reactor, confinement initial temperature,
and ambient initial temperature. The variations on the new roof structure were necessary as the decay heat
scoping was performed before the pre-conceptual design of the new roof was complete. The cell floor below
the reactor was not evaluated since it is anticipated that shielding will be present between the reactor and the
cell floor.

The general model set-up is shown in Figure 21 through Figure 24. The decay heat rejection simulation time
was 72 hours. In all cases the temperature in the confinement reduced due to the reduction in decay heat
being produced at the 72-hour period. From these results, the team judged that longer analysis time periods
were not necessary.

The decay heat at shutdown for case one was set at 5% operating power with a linear reduction over the next
72 hours to 0.5% operating power. With the thermal power limit of the ZTB confinement set at 500kW, these
values are 25kW and 2.5kW, respectively. These values are representative of a plutonium fueled reactor, per
informal discussions with a potential RDP. For the remaining cases, the decay heat was doubled (50kW linearly
decreasing to 5kW over 72 hours), which conservatively bounds the decay heat from a uranium fueled reactor.

g 11"

Figure 21. ZTB Base Confinement Structure as Modeled in Decay Heat Evaluations
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Temperature boundary

Figure 22. ZTB Decay Heat Analysis Simulation Domain with 18-inch Concrete Roof

Figure 23. ZTB Decay Heat Analysis Simulation Domain with 1-inch Steel Roof
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Figure 24. ZTB Decay Heat Analysis Simulation Domain with 24-inch Concrete Roof, Steel Liners on two sides
and 6-inch Air Gap

The 24-inch thick concrete wall and roof is the most representative of the final preconceptual design. The
additional steel plate and air gap were included to provide an allowance for possible modifications to the
structure in later design phases. It should be noted that each of the potential roof structures analyzed had an
internal volume smaller than the final roof geometry of the ZTB in the pre-conceptual design, which is
conservative.

For all nine cases, a linear reduction of decay heat over time was used. This is a very conservative model since
it is known that decay heat decreases exponentially. Even with this assumption, all nine cases maintained the
ZTB structural temperatures below the allowable limit (100°C) over the 72-hour time frame evaluated.

A brief description of the analyzed cases is listed below:

. Case 1 — 18-inch concrete slab roof, 27°C initial inside temperature (air and concrete), 27°C outside
temperature (constant as an average between the daytime and night time temp), reactor is 15-foot
diameter right cylinder 15 feet tall

) Case 2 — Same as Case 1, but with decay heat doubled

° Case 3 — 1-inch steel roof, 27°C initial inside temperature, 27°C outside temperature, reactor is 15-foot
diameter right cylinder 15 feet tall

° Case 4 — 18-inch concrete slab roof, 90°C initial inside temperature (air and concrete), 27°C outside
temperature, reactor is 15-foot diameter right cylinder 15 feet tall

° Case 5 — 18-inch concrete slab roof, 27°C initial inside temperature (air and concrete), 27°C outside
temperature, reactor is 1-meter diameter right cylinder 1 meter tall

INL/EXT-20-
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° Case 6 — 24-inch concrete roof with steel liners and 6-inch air gap, 90°C initial inside temperature (air and
concrete), 27°C outside temperature, reactor is 15-foot diameter right cylinder 15 feet tall

o Case 7 — 24-inch concrete roof with steel liners and 6-inch air gap, 27°C initial inside temperature (air and
concrete), 27°C outside temperature, reactor is 1-meter diameter right cylinder 1 meter tall

° Case 8 — 24-inch concrete roof with steel liners and 6-inch air gap, 90°C initial inside temperature (air and
concrete), 40.6°C outside temperature, reactor is 15-foot diameter right cylinder 15 feet tall

° Case 9 — 24-inch concrete roof with steel liners and 6-inch air gap, 27°C initial inside temperature (air and
concrete), 40.6°C outside temperature, reactor is 1-meter diameter right cylinder 1 meter tall

Selected structure temperature plots are shown from the cases analyzed in Figure 25 through Figure 31.
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The decay heat scoping calculations are being formalized in accordance with INL engineering processes
(ECAR-5228, to be released). It should be noted that while the ZTB confinement can handle the anticipated
decay heat produced by a demonstration reactor, the calculation does not make any assessment of the
reactor’s ability to survive its own decay heat.
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2.1.4.2 Cooling Systems

Several alternative cooling systems for the ZTB were evaluated as part of the pre-conceptual design. The
initial system was a chilled water system that only provided cell air cooling. This system was not selected due
to its lack of ability to provide a dynamic response to RDPs that need a fast-acting cooling system. A second
round of evaluations were performed based on using chilled water to allow direct cooling of a demonstration
reactor heat exchanger. Chilled water systems were determined to not have a high enough operating
temperature to support potential RDP needs. The final round of evaluations considered two separate systems,
a chilled water system for cooling cell air and a thermal fluid system (e.g., Dowtherm Q) for providing more
direct reactor cooling capability. The cell air cooling system was kept in all variations because it was
considered feasible that some demonstrators would have strictly air-cooled machines. Providing both the air-
cooling system and a direct reactor cooling system within the ZTB delivers the greatest flexibility to support
the widest variety of RDPs.

The final heat rejection/cooling system consists of a central plant comprised of two separate subsystems. A
492 kW (140 Tons) chilled water/glycol system will provide air cooling designed to maintain the cell space at a
maximum temperature. This system will reject external heat released to the cell space from the operating
reactor. A 500 kW direct reactor cooling system (notionally Dowtherm Q) will supply cooling fluid to reactor
cooling coils designed and furnished by the RDP for direct reactor cooling. This system will supply cooling fluid
at a specific flow rate and temperature to the demonstration reactor heat rejection equipment (e.g., heat
exchangers). Figure 32 through Figure 35 provide the general layout and arrangement of the cooling systems.

Figure 32. Cooling System Piping from Pump House to Chillers/Coolers
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Figure 34. Plan View of Cooling System Outside Confinement

Figure 35. Plan View of Cooling System Inside Confinement
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2.1.4.2.1 Confinement Air Cooling

This system consists of two 70-ton air-cooled chillers operating and piped in parallel with both chillers served
by one variable speed pump to circulate chilled water/glycol in a primary-only piping loop. There are two
pumps for both chillers. One pump is for stand-by service and the pumps will alternate operation in a lead/lag
control configuration. The operating chilled water pump shall provide a constant flow of 380 gpm with

190 gpm flowing through each chiller to supply 40°F chilled water/glycol to three cooling coils contained
within three 11,500 cfm air handling units with two supply fans each. Each of these air handling units shall
supply 50°F supply air to the cell to maintain a maximum cell space temperature of 104°F. Supply air
temperature control is provided by use of 3-way modulating control valves serving the cooling coils. It should
be noted that the air-cooled chillers can operate down to an ambient temperature of -20°F. Below this
ambient temperature the chillers will trip off during operation. They are not able to re-start at an ambient
temperature of -10°F or below without having the free-cooling option. Follow-on design efforts are needed to
evaluate the impact of the low operating temperature limitation. See Figure 36 for the system piping and
instrumentation diagram (P&ID).

2.1.4.2.2 Reactor Cooling

This system consists of three dry coolers operating and piped in parallel with all dry coolers served by one
variable speed pump to circulate a heat transfer fluid (e.g., Dowtherm Q) in a primary only piping loop. Three
smaller dry coolers were selected instead of a single large cooler to provide more flexibility with power
turndown scenarios. There are two pumps for all three dry coolers. One pump is for stand-by service and the
pumps will alternate operation in a lead/lag control configuration. Each of the three dry coolers will be a
different size. The system shall have one large cooler, one medium cooler, and one small cooler. Load capacity
control for each dry cooler shall be provided by 3-way modulating control valves located at each dry cooler.
The RDP heat rejection equipment/coils shall be supplied with a constant Dowtherm Q fluid temperature of
110°F at variable flow rates based on RDP heat rejection operating conditions. See Figure 36 for the system
P&ID.
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2.1.4.2.3 Pump House

The pump house is a modular prefabricated building comprised of one module enclosure and has overall
dimensions of 29 feet long by 8 feet 6 inches wide by 10 feet 6 inches tall and contains the chilled water/glycol
pumps and thermal fluid pumps. All pumps are piped and wired at the manufacturer with all necessary piping,
valves, fittings, supports and hydronic specialties (major specialty is a 400-gallon buffer tank), and electrical
power connections to variable speed drives and pump motor controls. Located on the outside wall external to
the pump house module is one 480 Volt/3 Phase Electrical Power Panel, one 208 Volt/3 Phase electrical power
panel, and one 480 Volt — 208 Volt transformer; all ready to accept single-point power connections. There is
one chilled water fan coil unit with electric heater to provide a conditioned environment inside the pump
house.

2.1.4.2.4 Heating

The heating of the ZPPR cell space will be provided by three 15 kWe unit heaters. Each heater will be mounted
to the underside of the air handling unit structural support platforms. These unit heaters are sized and
selected to maintain the ZPPR cell space at 60°F, minimum.

2.1.4.2.5 Turndown Capability

With the three installed Dowtherm Q coolers and the adjustability on fan and pump speed, it is anticipated
that the system will be able to dynamically cool a heat source down to 5% of the total plant rated capacity or
less.

2.1.4.3 Ventilation
2.1.4.3.1 Existing System

The ZPPR cell ventilation system is tied in with other facilities within the ZPPR mound including the workroom
and vault. The ventilation is identified as a defense-in-depth system that mitigates hazards associated with
certain fissionable material handling activities and accidents.

The ventilation system supplies air to the ZPPR mound area by one of two ventilation supply fans (located
within the outside equipment room in building MFC-777). Air enters the mound area via filters and heating or
cooling coils and is directed to the work room vault and cell. Approximately 4,000 to 5,000 cfm is provided to
the mound. Approximately 200-1,000 cfm of air flows from the supply distribution header through ductwork
down the cell access corridor entering the cell where it is distributed from ducting located around the
periphery of the cell wall. The air then flows across the cell entering the exhaust duct in the alcove adjacent to
the access corridor.

In the original configuration, when the cell supported the ZPPR, ventilation system dampers RIV-101 and
RIV-101A on cell exhaust (DWG 785555 [9]), and RIV-102 and RIV-102A on cell supply (DWG 785554 [10])
acted as an isolation boundary between the cell and other mound area rooms. These valves were shut when
the reactor was operating. In 2008, the ZPPR reactor was dismantled and removed from the facility eliminating
the need for the isolation. In 2016, these dampers were locked open and the actuators were removed.

The ZPPR mound ventilation exhaust is divided into four zones, one of which exhausts air from the ZPPR cell
and the workroom. The exhaust fans move air to a common exhaust header which then flows through the

exhaust header and to the ZPPR stack.
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The ZPPR stack is located outside of the mound on the south east corner and north of building MFC-777. The
stack is 75 feet tall and made from 24-inch diameter schedule 10 pipe. The ZPPR mound main exhaust is
connected to the base of the stack. Stack monitoring is not currently required for the ZPPR exhaust, but it does
have an alpha monitor for radiation detection.

2.1.4.3.2 Modified System

The system will have to be flexible to support different evolutions and a variety of demonstration reactors.
Upgrades will have to ensure that differential pressures within the facility and flow rates are sufficient for each
evolution or mode within which the cell is operated. These modes are envisioned to include a standby mode,
operation mode, and an isolation mode.

The isolation mode is required while a reactor is operating within the cell and may be initiated during design
basis accidents. During this mode the cell will be isolated reducing the exhaust from the room to a small
amount to maintain required differential pressure. The exhaust will also have to control any direct emissions
from the reactor.

The operation mode occurs when work is being performed within the cell (not including reactor operation),
and is required during installation, maintenance, and decommissioning of reactors within the cell. This mode is
to allow personnel in the ZPPR cell as well as allow for the cell to be opened to receive or remove a reactor
through the cell hatch. In this mode, operations are anticipated in the cell that may use bottled gasses or
might have the potential to increase the creation of fumes and other airborne contaminates. These operations
will increase the amount of outside air required for the cell. The exact increase in airflow required for a
particular operation is a function of several factors and will be determined by the Industrial Hygienist based on
analysis of the operation. The system needs to provide sufficient ventilation for a variety of operations.

The standby mode would occur when the cell is not in use and could potentially require less ventilation.

To allow for the cell to be isolated during operation of reactors, upgrades to the ventilation system will be
required. In the original configuration ventilation dampers acted as an isolation boundary between the cell
and other mound area rooms. These dampers are no longer in service and need to be refurbished/replaced.
As part of the confinement boundary, these isolations are anticipated to be safety-class SSC. In the corridor,
the cell supply and exhaust ducts utilize 12-inch and 14-inch diameter pipes.

When supply is isolated from the cell, the ventilation system needs to accommodate for the change in flow. A
study needs to be performed to verify that the existing variable frequency drives (VFDs), fans, and ducting can
maintain required differential pressures during operations. The cell exhaust will have to accommodate low
flow exhaust capabilities to handle potential exhaust from demonstration reactors/equipment.

Currently the exhaust ventilation is provided with single stage HEPA filtration. A second stage should be
installed within the cell. This will help reduce any potential contamination from the cell entering the exhaust
header that is shared with other rooms in the mound. Flanders G series filters can easily be installed in the
exhaust duct, if required. In addition, fire dampers will need to be installed in the exhaust and supply ducts to
isolate the cell from other areas within the mound.
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2.1.4.3.3 Stack and Monitor

The use of the ZPPR cell as a demonstration reactor test bed increases the potential to emit radionuclides into
the environment. Due to this possibility, a stack monitoring system will be required. The monitoring would be

required during reactor operation (isolation mode), and during maintenance (operation mode). In the current

system all exhaust from the ZPPR cell is combined with other exhaust from the mound in the common exhaust
header and is then is routed to the stack.

It is uncertain if the existing stack can be qualified in accordance with the required American National
Standards Institute (ANSI) standards. For the pre-conceptual design, it is assumed that a new stack will be
required.

A stack monitoring system will be required. A system similar to those in use at MFC facilities Fuel
Manufacturing Facility (FMF) and the Irradiated Materials Characterization Laboratory (IMCL), will be the basis
for the design of the stack monitor. There is sufficient room within MFC-777 (directly south of the stack) for
the stack monitoring equipment.

2.1.4.3.4 Over/Under Pressure Protection

The ZTB provides a confinement to enclose the demonstration reactor and associated systems. The purpose of
the confinement is to ensure any potential release from a demonstration reactor is filtered using the ZTB
ventilation system. The confinement volume will be kept at a negative gauge pressure in normal operation to
enable the leak tightness of the secondary confinement building to be monitored. A filtered ventilation system
is provided to maintain a negative gauge pressure during operation. However, the ventilation system installed
in the ZPPR mound is not designed to provide over/under pressure control during a design basis accident
(DBA). These DBAs will vary for each test reactor and will have to be verified with the capabilities of the ZTB
confinement.

Confinement over-pressurization is a postulated event in which the pressure loads applied to the confinement
boundary during a severe accident eventually exceed the boundary’s ultimate strength at its most vulnerable
point(s). This event has been hypothesized as a means of confinement failure through one or more of several
potential physical mechanisms. The extent of pressurization, its timing, and the pressurization rate all depend
on several factors, including the accident sequence characteristics involved, the confinement geometric
configuration, etc. Ultimately the difference between the confinement’s pressure retaining capability and the
induced pressure the confinement will undergo during severe accidents must be compensated for with an
over/under pressure protection system.

Originally the ZPPR cell over/under pressure protection was provided by the design of the ZPPR roof structure.
The roof of the cell contained a gravel-sand roof that provided filtering and ventilation, as well as a secondary
structure above the ZPPR roof that provided filtration. The secondary structure housed 285 high-efficiency
filters that were nominally rated at 1,000 cfm each (285,000 cfm total). The original ZPPR gravel-sand roof
could accommodate steady cell overpressures up to 12.5 psig without disturbing the roof or altering its
confinement characteristics. The removal of the gravel and existing roof structure will eliminate the original
over/under pressure protection.

The planned modifications for the ZTB include removing the gravel-sand roof and replacing the roof with
steel/concrete structure and an access hatch. Pre-conceptual design analysis has shown that the new ZTB roof
and structure can withstand at least a pressure of +/- 1 psig. Additional analysis needs to be performed to
evaluate the confinement's upper pressure limits during DBA. It should be noted that the roof hatch with the
current anticipated weight will be unseated at a pressure slightly over 2 psig unless additional hold down
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measures are taken (not currently planned). For any given demonstration reactor, engineering solutions must
be implemented to ensure that the DBA for that reactor does not violate the ZTB confinement’s pressure
retaining ability.

Seal pots have successfully been used to provide over/under protection in hot cells at MFC. Seal pots can be
made in a variety of sizes and flow rates and can be connected to HEPA filters to provide filtered exhaust. The
oil level provides a bi-directional pressure seal to allow an overpressure exhaust or an under-pressure intake
of air and can be set to provide protection below the design pressure of the confinement. A seal pot sized for
3,000 cfm of flow would provide sufficient cell exhaust due to temperature and pressure increase caused by
decay heat of a 500 kWth test reactor.

The existing ventilation and exhaust system have been evaluated for support of demonstration reactors and
was originally thought to be the most cost-effective solution. However, given that a new stack is needed, the
over pressure protection system will likely be required to install ducting to the roof with filters, and installing
safety-class SSC in the existing system indicate that evaluation of a separate system dedicated to the ZTB cell
should be done. It is unclear if a separate system would be significantly more expensive than the required
modification and would allow the ZTB to operate more as an independent facility from the other portions of
the ZPPR mound.

2.1.4.4 Confinement Sealing and Testing
2.1.4.4.1 Doors

There are two seal doors in the corridor to the ZTB cell. Until a few years ago, these seals were maintained as
part of the preventive maintenance program. The seal doors will have to be returned to service and re-
furbished to perform their original function.

At the location of each of the seal doors, there are bulkheads with utility penetrations. The seals at these
bulkheads will need to be re-furbished to restore their sealing function either by repair, replacement, or
removal of various utilities, as applicable.

2.1.4.4.2 Leak Test/Pressure Test Accommodations

Testing of the ZTB confinement will be performed by drawing a suction on and pressurizing the ZTB cell with
the exhaust and supply fans and measuring the flow rate. This will require accurate flow measurement
capability in the exhaust and supply ducting.

The initial leak rate requirement for the ZTB cell identified in FOR-538 [1] is 5% of cell volume per day. Given
the anticipated size of the cell after modification, this will result in an allowable leak rate of approximately
3-4 cfm. Given the facility construction, size of the hatch, and doors in the corridor to the cell, it may be
challenging to achieve this level of leak tightness.

2.1.4.5 Gas Supplies
2.1.4.5.1 Compressed Air

Compressed air is already available for use in the ZPPR cell. No action is needed to provide compressed air as a
utility to the ZTB, unless it is needed in very large quantities. Initial discussions with demonstrators do not
currently indicate a large demand for compressed air.
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2.1.4.5.2 Compressed Argon

Compressed argon from a bulk cryogenic tank is available in the ZPPR work room. A connection to this system
will be provided to the ZTB. However, this system has a relatively limited capacity (less than 25 scfm, based on
vaporizer limitations). Approaching the limit of the system capacity could be viable for short periods. However,
prolonged use at or near the system flow limit will likely not be practical since the system is currently shared
between three facilities.

2.1.4.5.3 Other (Future Use)

It is anticipated that over the life of the ZTB, demonstrators may have a need for other bulk compressed gases
such as nitrogen or increased argon flow. Provisions have been made for additional bulk gas use as part of the
ZTB. The provisions include penetrations in the roof and a concrete pad in the yard area that is 32 feet by 37
feet. This pad is over twice as large as a recently installed pad at MFC for a 6,000 gallon cryogenic argon tank
and vaporizers.

Based on discussions with the anticipated initial demonstrators, there is no demand for the ZTB to have
additional bulk compressed gas at this time. Bulk gas storage will not be installed as part of the initial
construction of the ZTB. Small quantities of other compressed gasses can be provided with the use of gas
bottles or small portable dewars.

2.1.5 Electrical and I&C Systems

2.1.5.1 Normal Power

The two major loads that will require power in the ZTB are the reactor and the new cooling systems. The new
cooling systems are anticipated to require a 600A 480V service. The power supply to the reactor is anticipated
to require a 400A 480V service. Together these two services will require approximately 500 kW of power. The
ZPPR substation has approximately 800 kW of capacity remaining. The substation also has available breaker
positions. A one-line diagram is shown in Figure 37.

Routing of the normal power from the substation can be accomplished by installing conduit to the cable
routing room. From the cable routing room, there are penetrations into the ZPPR cell with multiple 4-inch
conduits. There is an existing 4-inch conduit run directly to the desired location for the reactor power panel,
which is sufficient for the planned 400A service. The 600A service will leave the building from the cable routing
room and conduit will be run along the outside of the mound to the roof for connections to the cooling system
equipment.
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Figure 37. One-line Diagram for the ZTB Electrical Systems

Reactor control cables will also have to pass through seal boxes. There is the possibility that the power lines
(400A service) could interfere with the signals. Shielding is planned for the power lines, but the worst-case
scenario is the electrical power would have to be routed to the ZPPR cell without use of the penetrations from
the cable routing room. In this case the 400A service would follow the same route as the 600A service to the
roof, but would then have to penetrate the roof and be routed down the cell wall to the desired location of
the reactor electrical panel.

2.1.5.2 Non-Safety Backup Power

Conversations with demonstrators interested in use of the ZTB indicate that non-safety backup power would
be advantageous due to the liquid metal reactor designs being considered. In the event of a loss of off-site
power, a generator that could run heaters and keep the reactor molten would prevent potential damage to
equipment and lost time on re-starting the reactor.

The existing diesel generator available for ZPPR use is original equipment from initial construction and does
not have sufficient excess capacity to supply the anticipated reactor loads. A new diesel generator will be
installed south of building MFC-774 and adjacent to building MFC-725. A generator sized in the range of

350 kW would be able to replace the existing facility demands and supply the anticipated power required for
demonstration reactors.

To support the new generator location, about 100 feet of duct bank will have to be installed to connect the
diesel generator to the basement of building MFC-774.
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Figure 38. Diesel Generator Install and Battery Room Location

In addition to the diesel generator being installed, a connection should be made available to allow additional
power generation to be connected to the facility.

2.1.5.3 Safety Backup Power

It is anticipated that a limited safety-class electrical power supply will be needed/required for reactor
operations. As a safety-class power system, there must be three divisions of equipment. Each division must be
separate and independent from other divisions and from non-safety equipment.

The system is nominally 24VDC at 50A with a capacity to support up to 10 instruments (or equivalent) for up
to 72 hours. Each division needs a capacity of 3,600 A - h. A 72 hour operation span was judged to be sufficient
time for any one of several actions to happen: restore off-site power, connect alternate power supply
(portable or otherwise) to feed battery chargers, or verify reactor is in a safe, stable, shutdown configuration
with no risk of re-criticality. Battery sizing will need to be further refined as the design progresses.

The batteries will require support systems to ensure the environmental requirements for battery operation
are maintained. The batteries must be maintained at 25 °C + 3°C to achieve the rated capacities. The
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environmental controls are envisioned to be a simple mini-split heating/cooling unit on the roof for each
division with a simple temperature feedback.

The major equipment required for this system is listed below and a one-line diagram of one division of the
batteries is shown in Figure 39.

Battery — 12 plus 1 spare for each division (39 total cells)
Battery disconnects — 1 for each division (3 total)

Battery chargers — 1 for each division plus 1 spare (4 total)
Voltage regulators — 1 for each division (3 total)
Transformers — 1 for each division plus 1 spare (4 total)

Isolation breakers — 2 for each division (6 total)

N o u k~ w N

Distribution panels and associate breakers — 1 for each division (3 total).
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Figure 39. Single Division of Safety-Class Batteries

The current plan is to provide a new battery enclosure. The proposed battery building is a simple concrete
block building on slab with a concrete roof. Power would have to be provide to the building for charging the
batteries, lighting in the building, and environmental controls. The plan is to locate the battery building next to
the new diesel generator. This would allow the battery building to utilize the duct bank being installed for the
diesel generator connections to the facility. An evaluation will have to be performed for building MFC-774 to
demonstrate its ability to house safety-class SSC without damage during an SDC-3 event. If the building is not
structurally capable of withstanding an SDC-3 event, alternate routing of the battery connections will be
required. The proposed general location of the battery building is shown in Figure 38. A detailed view of the
battery building is shown in Figure 40 and Figure 41.
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Figure 41. Battery Building Elevation View

2.1.5.4 Control Room and I&C

Basic ZTB control room equipment for controlling cooling systems, ventilation systems, etc. is not a Safety SSC.
Any necessary reactor control and monitoring equipment, Safety SSC or otherwise, will be provided by the
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demonstrator with data integration to the ZTB control equipment and/or the MFC private facility control
network (PFCN). The ZTB control room will include a Programmable Logic Controller (PLC) that will provide
operator interfaces and control functions of the reactor cooling system and confinement cooling and
ventilation systems. The confinement oxygen monitoring system will also be connected either using the same
PLC or as a stand-alone PLC using the MFC-PFCN.

The pre-conceptual design locates the control room in building MFC-774 just outside the entrance to the ZPPR
mound, see Figure 42. Figure 43 illustrates the location within building MFC-774. This location is the ZPPR
control room, which formerly housed the control equipment for the original ZPPR reactor. The ZPPR control
room is primarily used by ZPPR operations personnel as general workspace.
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Figure 42. General Location of Control Room at MFC

To renovate this space into a control room, several actions will be necessary and are listed below:

1. Frame new walls
2. Restore conduits from the control room to the cable routing room
3. Route conduit and fiber optic cable from the control room to the existing PFCN in the basement of the

Electron Microscopy Laboratory (EML)
Provide general telecommunications connections to the room (i.e., phone, and INL Intranet)
Install operator workstations (computers separate from the control system)

Install furniture (e.g., operating consoles, monitor mounts, tables, chairs, etc.)

N oo u &

Install a service window to allow communications with the control room personnel without entering.
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In all conceptualized operating scenarios, the reactor operators are outside of the ZTB confinement and will be
available for reactor monitoring since the safety-class confinement is anticipated to protect the operators and
control room from the anticipated accidents. If the applicable data is being sent over and stored on the MFC-
PFCN, it can be sent to any desired location at MFC or the INL, including to the emergency control center
(ECC).

It is assumed that any data transmission outside of the control room would not require Safety SSC, that is, the
MFC-PFCN will not be a Safety SSC.

2.1.5.5 Network

MFC has a PFCN that can be used as a secure backbone for transmitting data internal to INL and has provisions
for transmitting data through multiple firewalls and DMZ to outside entities. It is envisioned that data
transmission from MFC to an offsite demonstrator will be necessary, but that all control functions will be
limited to the control room for the ZTB.

The system architecture to accomplish the anticipated connection and data transmission are shown in Figure
44 and Figure 45 and a network schematic for the NRIC connection to the MFC-PFCN is shown in Figure 46.
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Figure 45. NRIC Testbed PFCN Architecture
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Figure 46. NRIC ZTB Network

To accomplish the connection to the MFC-PFCN and data transmission beyond the PFCN, a network cabinet
will be required in the ZTB control room. In addition, a high-availability, controlled storage segment for NRIC
and two high availability routers will be required in building MFC-1728 (dial room). It should be noted that
once the NRIC equipment is placed in the dial room, it can support multiple test beds (i.e., ETB) without
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duplication of the equipment in the dial room. A draft of the network cabinet needed in the ZTB control room
is shown in Figure 47.

" 1 " : . e @ ® e
Chatsworth (CPI) 19"X36"X84" Cabinet, Part # M1050-732 - = ) PFCN-GND-2N-01
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s &
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" Facility Emergency Source Power Supply
— (NEMA 5-20R duplex outlet(s) back of cabinet
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“ (Drawing Not To Scale)

Facility Normal Source Power Supply
(NEMA 5-20R duplex outlet(s) back of
cabinet w/ 5 foot flex conduit service loop)

Figure 47. ZTB Network Cabinet

With this network in place, any ZTB equipment that utilizes ethernet (e.g., PLCs), can be connected to the NRIC
network and controlled in the control room and the associated data can be sent to the control storage
segment and shared appropriately with the necessary parties both internally or externally.

2.1.6 Life Safety
2.1.6.1 Fire Protection

The ideal strategy for dealing with fire hazards is an active fire suppression system in accordance with DOE
orders. If this type of system is infeasible, ineffective, or hazardous, other equivalent means of mitigating risk
may be pursued. Exemptions from the applicable requirements would have to be sought prior to using
“equivalent” means. Several types active fire suppression systems were considered as part of the ZTB
pre-conceptual design. Each of the systems types is listed below with a brief description of the potential
challenges the system poses.

1. Water Suppression — These systems create a fire hazard where reactive materials are in use. In
addition, water systems may pose a criticality hazard depending on the reactor type, configuration,
and accident scenario.

2. Mist System — These systems rely on water and pose some of the same hazards water suppression.
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3. Clean Agents (Novec 1230, Halon, Stat-X) — Based on evaluations to date, these systems are ineffective
on Class D fires, e.g., uranium or sodium.

4, Inerting Systems (CO2/N;) — These systems are hazardous to personnel and require approval from DOE
to implement. Due to the personnel hazards involved, these systems should not be used for occupied
areas.

The ZTB is planned to support a wide variety of advanced reactor concepts some of which may include
reactive materials (e.g., sodium) as a main aspect of the design. The potential for reactive materials likely
eliminates options 1-3, above. The ZTB confinement is not currently intended to be occupied during reactor
operation, but will have to be occupied for equipment maintenance, reactor installation, and reactor removal
for non-trivial periods of time. The need to occupy the ZTB confinement would eliminate option 4 above.

MFC fire protection engineering is continuing to evaluate various fire suppression systems. If an effective
option can be identified, it will be pursued. It should be noted that various reactors at MFC have existed in the
past that did not have active fire suppression systems for the same reasons discussed here.

If an active fire suppression system is determined to be infeasible, hazardous, or ineffective, an evaluation
justifying the position will be completed and submitted for approval by the INL Fire Marshal and DOE. In this
situation a fire detection system would be pursued as the next most effective strategy for mitigating fire
hazards. These types of systems provide early detection and allow response while the fire is in the incipient
stages. Along with other controls such as non-combustible facility construction, fire barriers, and combustible
loading program, fire suppression systems help provide an equivalent means of protection. Examples of fire
detection systems are: smoke detection, heat detection, a very early smoke detection apparatus (VESDA), and
flame detectors. Each of the detection systems is a viable option and has positive features and limitations that
would be further evaluated in the fire system analysis if an effective suppression system cannot be
implemented.

2.1.6.2 Oxygen Monitoring

Based on the possible presence of non-trivial quantities of inert gases used in support of demonstration
reactors, an oxygen monitoring system must be installed for personnel protection. Oxygen monitoring systems
are in widespread use at MFC and a general design exists that is tailored to the needs of a given facility. A
representative example of what would be require for the ZTB confinement is that of building MFC-784, shown
in INLDWG 815131 [11].

For the ZTB, a PLC controlled system with four oxygen area monitors is envisioned. The monitors will be
equipped with strobe lights and audible alarms and will be positioned roughly equally around the perimeter of
the confinement with one at the personnel entrance to the confinement near ground level. The PLC is
envisioned to be located in the control room with the wires from each monitor passing through an existing
conduit back to the control room for termination in the PLC.

2.1.7 Security

Anticipated demonstration reactors for the ZTB include plutonium fuels and/or highly enriched uranium. This
will require the ZTB to be a safeguards category 1 facility; the current facility is also a safeguards category 1
facility. One challenge presented by this is that the security posture of the existing facility must be maintained
during removal of the old roof and construction of the new roof since there is currently not a security barrier
between the ZPPR cell and the remainder of ZPPR facility in the mound. This difficulty would exist when the

hatch is removed for equipment installation, as well.
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To help alleviate security issues a security door should be placed in the corridor to the ZTB cell prior to
initiated any activities that would breach the existing facility boundary. The suggested location of the new
security door is shown in Figure 48. In this location, those portions of the ZPPR facility requiring the highest
levels of security could be isolated from the construction/installation activities and workers could enter
through the north tunnel. While the new door does not remove all concerns with physical security during
construction, it is anticipated to reduce the compensatory measures required.

ZPPR CELL
101

EQUIFMENT
ROOM

[m}
WORK ROOM VAULT
0z IETTwi

101 103

Figure 48. Security Door Location

For this strategy to be successful, the north tunnel must be accessible so the new security door in the corridor
can remain closed throughout the duration of the construction and installation activities. It is known that the
north tunnel currently has structural issues that may prevent it from becoming the regular access method for
the cell during construction. These issues are assumed to be resolved by others prior to initiating the ZTB
construction project.

3. SYSTEMS ENGINEERING

Since the realization of the ZTB requires the design, installation, and integration of several unique systems the
implementation of the ZTB will utilize a systems engineering (SE) approach. SE is an interdisciplinary approach
and means to enable the realization of successful systems and facilities. The initial focus is defining customer
needs and required functionality early in the development lifecycle and then proceeding with design

51 INL/EXT-20-
NRIC-20-SDD-0




—0
ZPPR Test Bed (ZTB) Pre-Conceptual Design Report % q
'NRIC TNL

synthesis while balancing operations, cost, schedule, and performance. This approach integrates all the
disciplines and specialty groups into a team effort forming a structured development process that proceeds
from concept to operations and eventually, disposal. Model-based systems engineering (MBSE) further
extends the use of systems engineering methodologies by relying on models and a database as the primary
means of information exchange between engineers, rather than traditional document-based environments.
The benefits of this approach include enhanced communications between team members, real-time
collaboration, and a single source of truth for up-to-date project information.

The fundamental principle to the MBSE approach employed for the ZTB is that there are three architectures: a
requirements architecture (traditional requirements management), a functional architecture (defining what
the facility must accomplish), and a physical architecture (system development and design). Within each
architecture there is also a hierarchy of information divided into the facility level, the system level, and the
component level. The process moves from eliciting facility-level stakeholder requirements, to analyzing the full
scope of functionalities required of the final project, and finally to developing systems and components that
can meet the needs of the functional architecture. The relationships between information is captured at each
phase so that decisions made at lower levels of the design can be traced all the way back to initial stakeholder
input, facilitating faster impact analysis. During the design iteration, project action items and risks are also
identified and captured in the database.

Figure 49 shows the completed data architecture of the MBSE process.
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Figure 49. Completed Data Architecture of the MBSE Process

Throughout the pre-conceptual design process, requirements, risks, design issues, test bed functions, system
definitions, and other SE data were entered and managed through an online MBSE tool called Innoslate. This
tool serves as the “source of truth” for working knowledge and information related to the ZTB. Periodically,
data are output from the tool and saved as formal documents within INL’s document management system to
serve as project snapshots.
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As discussed in Section 3, a primary component of implementing an SE approach to the ZTB is defining the
functional architecture. Through this process, the actions the ZTB is to perform are identified and then
decomposed into step-by-step processes. Nine top-level actions were identified:

ZTB.1, “Accept and Store Reactor Demonstration Project (RDP) Modules”
ZTB.2, “Install and Prepare RDP”

ZTB.3, “Provide Industrial Utilities for Operations”

ZTB.4, “Provide Availability to RDP During Planned-Use Timeframes”
ZTB.5, “Maintain Confinement Boundary”

ZTB.6, “Provide Safeguards & Security”

ZTB.7, “Provide Human Life Safety”

ZTB.8, “Monitor and Control Facility and Systems”

ZTB.9, “Remove RDP”

W e N o v B W N e

Figure 50 provides an example of an action diagram located within ZTB.1, to accept and store RDP modules.

Initial

I“Islep(:u;t" N pect
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Modules in ——» Uncrate Each = Inspect ),'
Staging Area Module > G Modules L,
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No [
—l_) Formally Reject

Reactor Modules

Figure 50. Decomposed Action Diagram of ZTB Function 1.3, “Accept Delivery to Site.”

As the ZTB utilizes a currently functional facility, a system breakdown structure (SBS) could not be created
considering only the ZTB. Therefore, existing systems that will neither be modified nor installed throughout
the implementation of the ZTB are included in the SBS. The “R” notation within the system’s number denotes
an addition to the current Master Equipment and Activities List (MEAAL) [12]. The SBS for the ZTB is included
in Appendix D.
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4. COST ESTIMATE TO RENOVATE ZPPR

A level 5 cost estimate has been completed to identify expected costs for the renovation of the ZPPR cell to
create a test bed for advanced reactor demonstrations. The estimate is based on the pre-conceptual design
outlined in this report. The final estimate is provided to DOE under separate cover.

To aid in the development of the cost estimate the detailed work breakdown structure (WBS) has been used.
The WBS separates the project into major systems to allow the organization of project performance data by
system rather than phase. The cost estimate uses the WBS to identify costs of the major systems and this
strategy will be used for all future work on the project. The detailed WBS can be found in Appendix B.

5. RISKS AND DESIGN ISSUES FOR IMPLEMENTING THE
ZPPR TEST BED PROGRAM

Appropriately managing risk is paramount to the success of implementing the ZTB within defined project
thresholds. Risk can simply be defined as anything that impacts the ability of the project to meet its objectives.
Risks themselves are known while their possibility of occurring is only supposed. DOE Order 413.3b [13]
defines risk as a “factor, element, constraint or course of action that introduces an uncertainty of outcome,
either positively or negatively that could impact project objectives.”

The identification and documentation of risks begins early in the project lifecycle and is an iterative process.
Risks are then managed through identified response strategies such as to accept, mitigate, or transfer. These
strategies integrate with and become part of the overall project execution strategy.

As they relate to an engineering design project, design issues signify details of project activities not yet
performed. In contrast to a risk, an issue represents a standard (known) component of the engineering design
process. Design issues are confronted and addressed throughout project design phases. Some of the design
issues may represent obtaining a simple communication with a stakeholder while others may indicate a need
for an analysis of design alternatives. While the resolutions of these issues may cause changes to the project’s
deliverables, the impact of those changes is minimized as the design progresses towards finalization.

Both risks and design issues were identified and documented during the ZTB pre-conceptual design phase.
Further design phases (e.g., conceptual, preliminary) will address these elements through detailed project
planning.

Thirty-four individual risks were identified and analyzed during the ZTB pre-conceptual design risk analysis.
Commensurate with the maturity of the ZTB’s design, only preliminary probability and consequence values
have been assigned to the risks. Risk identification, analysis, planning, and responses will iteratively continue
throughout the process of implementing the ZTB.

Project risks were analyzed using five categories for each consequence and probability. Definitions of those
categories are provided in Table 2 (Consequence) and Table 3 (Probability).
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Table 2. Consequence Category Definitions

$¢ NRIC INL

Schedule Definition

Consequence
Category Technical Definition
Negligible Minimal or no impact
Marginal Small change needed to design

or path forward

Significant Moderate change needed to
design or path forward

Critical Major change needed to design
or path forward with an
available workaround

Crisis Major change needed to design
or path forward with no
available workaround

Table 3. Probability Category Definitions

Schedule delays that do not affect milestones or
critical path

Schedule delays that may affect external
milestones or threaten a slip along the critical
path

Schedule delays that will slip the critical path
<6 months

Schedule delays that will slip the critical path
26 months but < 1 year

Schedule delays that will slip the critical path
21 year

Probability
Category Definition

Very Unlikely < 20% of occurring during the ZTB implementation

Unlikel . .
y implementation

Li
SOEER LG implementation

Li
ikely implementation

L
Very Likely implementation

> 20% and < 40% of occurring during the ZTB

> 40% and < 60% of occurring during the ZTB

> 60% and < 80% of occurring during the ZTB

> 80% chance of occurring during the ZTB

The initial risk identification and analysis yielded no high risks. Three medium-high risks were identified, one of

which is an opportunity; these risks are described below:

1. ZTB-RISK-026, “Digital Controls” (Opportunity)

Risk Description: Implementation of digital controls allow for modularity of control console and

simplicity of cable runs

2. ZTB-RISK-032, “Long Lead Items”

Risk Description: Long lead items cannot be ordered early enough in the project to meet expected

project end date

3. ZTB-RISK-034, “Subcontracting Delays”
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Risk Description: Issuing subcontracts requires more schedule time than planned.

A significant number of medium risks were identified. The combination of several medium risks occurring can
quickly lead to unsatisfactory project-level results. Adequate risk management strategies should be applied to
appropriately minimize the impact of these risks, where possible.

The risk diagram provided by the MBSE tool, Innoslate (Figure 51) illustrates the overall project risk profile.
The risk register in Appendix A includes all the risks identified to implement the ZTB. Note that, all risk
identifiers correspond to their numbering within Innoslate.

Megligible Marginal Significant Critical Crisis

Very Likely > 80%
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staff for key technical areas - | Construct
Subcontracton(s) + ZTB-RISK-014 Changing
Design Inputs

+ ITE-RISK-029 Inclerment
Weather

Likely 60% - 30%

- ZTB-RISK-016 Cost overrun

on test bed systemnis)

« ITE-RISK-019 Installed
tems do not meet

+ ZTE-RISK-021 Sole-source

suppliers

Somewhat Likehy 40% -
60%

Unlikely 20% - 40%

Very Unlikely < 20%

Figure 51. ZTB Risk Diagram

= ITTB-RISK-008 Oass 1E
Backup Powser Scope

= ITB-RIGK-010 Roof Radiation
Dose

+ ZTB-RISK-015 Inadequate
staff for key technical areas -
CFTE-RISK-017 Emergent
issues affect design
documents

- 7TB-RISK-003 Lifting
Capability f Area [ Approach
= ITB-RISK-012 Code
Compliance

= ZTB-RISK-013 Crucial
component supply chain

56

- ZTB-RISK-018 Selected
components unavailable at
neceszany guality levels

- ZITE-RISK-024 Funding lapse
or delay

+ ITB-RISK-033 Mationa
Environmental Protection Act
(MEPA)




ZPPR Test Bed (ZTB) Pre-Conceptual Design Report % NRI C m

Numerous design issues were identified during the ZTB pre-conceptual design. Some design issues were
resolved during the pre-conceptual design phase and are now incorporated into the engineered solutions
provided in this report. Efforts to resolve the remaining issues will be undertaken in later design phases. As
such, several of the design issues entail suggestions for specific design and analysis-related activities in those
phases.

Some of the significant, outstanding issues are detailed below. A complete list of outstanding design issues is
listed in Appendix C. Note that all design issue identifiers correspond to their numbering within Innoslate.

1. ZTB-Al-005, “Heaviest Demonstration Reactor Component”

ZTB-AI-005 relates to the flow-down of system requirements due to the single heaviest component
that supports an RDP. The ZTB Concept of Operations [14] describes a mobile crane that will be used to
lift reactor components and place them in the ZPPR cell through an opening in the roof, typically
covered by a large hatch. Through brief discussions with crane vendors, the pre-conceptual design
team concluded that a larger crane than anticipated would be required to lift the roof hatch. In
addition, the crane would need to be placed closer to the lift point as a crane’s lifting capacity
diminishes significantly as the boom is extended away from the crane’s base. The pre-conceptual
design proposes solving this challenge by removing a portion of the ZPPR mound to allow the crane to
be placed as close as possible to the roof opening. The heaviest demonstration reactor component
informs the crane’s size, thus directly relating to the amount of the mound that must be removed from
the existing ZPPR mound. Under-sizing this space could yield significant cost and capability issues for an
RDP.

2. ZTB-AI-026, “Sampling During Operations”

An originating requirement for the ZTB [15] involves implementing the capability to move radioactive
samples from the ZPPR cell to an appropriate co-located examination facility. A concept for enabling

this capability has yet to be determined. Most likely the concept would require some level of remote
handling capability; however, that conclusion is highly dependent upon the RDP’s goals and design.

3. ZTB-Al-027, “Required I1&C Signals”

This design issue specifically addresses which instrumentation and controls (1&C) signals will be passed
from the demonstration reactor to the test bed supporting systems (e.g., cooling and ventilation
isolation). This issue also represents a broader group of design issues which rely upon input from
reactor demonstrators to be successful. Obtaining this input can be quite challenging since many
demonstration reactor design projects are in early stages of design.

4. ZTB-Al-030, “Compatibility and Rigor of 1&C Signals”

Integrating 1&C systems between projects often leads to a conclusion of incompatibility. The
instrumentation and control scheme in the pre-conceptual design assumes a basic communication
protocol is used between the reactor control system (provided by demonstrator) and the standard
industrial controls system used in by the ZTB (provided by INL). If a more complex or robust
communication protocol is needed or required, a substantial amount of engineering effort and/or
additional hardware may be necessary. This issue also relies on reactor demonstrator input to be

successful.
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5. ZTB-Al-031, “Structural Integrity of ZPPR Control Room (MFC-774)”

Since safety-class electrical equipment will be inside of or routed through building MFC-774, it needs to
be analyzed to NDC-3 criteria. If the structure cannot meet the criteria, then an alternate location for
the batteries must be determined.

6. ZTB-AI-032, “Overpressure Protection Capability”

It is possible that pressure within the cell could increase due to a reactor accident. The current design
of the ZTB includes overpressure protection equipment. Some accident scenarios will be analyzed
within the general ZTB safety analyses showing that the overpressure protection equipment performs
satisfactorily. However, each RDP will analyze their own reactor-specific events. The capability of the
ZTB overpressure protection may not satisfy those specific reactor events which may require additional
pressure relief. The maximum capabilities of the design shall be calculated and communicated to RDPs.

7. ZTB-Al-033, “Stand-alone Cell Ventilation”

The current design of the ZTB assumes the new ventilation system will replace the existing ventilation
system. Due to the competing requirements for the ventilation system originating from the multiple
facilities using it, it may be more cost-effective to construct a stand-alone ventilation system for the
cell. This option should be investigated in later stages of the ZTB design.

6. SUMMARY

The engineered design solutions discussed throughout this report provide a feasible approach to
implementing the ZTB concept described in the current Concept of Operations document [14]. While the
depth of design detail varies between systems, the pre-conceptual design effort yielded a design package and
cost estimate that delivers significant value to later design phases and project activities.

Commensurate with a pre-conceptual design effort, detailed system designs were not completed. However,
the design team cataloged technical design issues that captured areas requiring further evaluation, design,
and/or analyses. The MBSE software Innoslate contains the list of design issues, which are presented and
discussed in this report. The design team recommends the continued use of Innoslate to ensure appropriate
management of requirements, interfaces, issues, and individual risks. Furthermore, the success of these
efforts was aided by the involvement of a reactor developer interested in using the ZTB to demonstrate their
technology. The collaboration allowed each team to consider otherwise imperceptible aspects of interfaces
and requirements. The design team further recommends close, continued collaboration with reactor
developers to provide the highest quality product.
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Appendix A
Risk Register

ZTB RISK REGISTER

The leak rate of the cell might not meet the criteria
established in requirement 3.4.2.2 in FOR-538. This could . Initial testing of ZTB (w/o reactor) does . L
ZTB-RISK-001 Cell Leak Rate be due to: seal doors, roof structure/penetrations/hatch, Technical not meet the specified leak rate Unlikely Significant
ventilation dampers, the existing structure, etc.
N . The structure might not meet Seismic Design Category . Structural analyses conclude the cell Very "
ZTB-RISK-002 | Seismic Design (SDC)-3 as required by 3.4.6.1 in FOR-538. Technical structure does not meet SDC-3 Unlikely Critical
. . . e An RDP designs a module that exceeds
ZTB-RISK-003 Lifting Capability / Area / Crane and staging area capabilities cannot support RDP Technical the weight/lifting limitations of the Vt.ery significant
Approach demands . Unlikely
crane and/or staging area
RDP communicates specific
ZTB-RISK-004 Reactor Removal Test bed design/layout does not support demonstrator's Technical requirements of rgact(.)r r.e.moval . V?ry Critical
plan to remove reactor strategy that require significant design Unlikely
changes
Emissions (radionuclide) from the ZTB stack might not g:];:lsa;tfgj /]:Sirth] ;;BR;DI:ts;;t:vtv?I?tn:;e Ver
ZTB-RISK-005 Emissions Limits meet 40 CFR part 61 requirements for radionuclide Technical . & . . v . Y Critical
o effectively mitigate its release of Unlikely
emissions. . .
radionuclides
. . S Preliminary work with potential RDPs
h f
ZTB-RISK-006 Permit to Construct A pferm|t FO cons.trL'Jct might be requn.red If expected Technical yields the expectation that a permit to Likely Significant
radionuclide emissions exceed certain standards. . .
construct will be required
The fire protection system might cost more than DOE does not grant a renewal of ZPPR's
ZTB-RISK-007 Fire Protection System L. P . Y Lo & . Technical existing fire protection system Unlikely Significant
anticipated if an exemption is not obtained. .
exemption
There is no Class 1E diesel available, only batteries. The
system is only sized for instrumentation and some .
D
ZTB-RISK-008 | Class 1E Backup Power Scope | equipment but depending on what safe shutdown Technical An RDP expresses a need for additional Unlikely Marginal
) . Class 1E backup power
parameters are defined by a reactor demonstration
project, the electrical supply demand could expand
- . L 778 D .
ZTB-RISK-009 Electrical Penetrations The existing elect.n'cal penetrations into the T. cell Technical An RDP express'es a need for additional Unlikely Significant
might not be sufficient for reactor demonstrations. space for electrical feedthroughs
Even with supplemental shielding, the dose rates on the
roof may be too high during reactor ops. Roof's design Radiation source assumption used by
ZTB-RISK-010 Roof Radiation Dose will vary as structural and security requirements are Technical Engineering Design Project Team is Unlikely Marginal
validated and integrated. The design will directly impact invalidated
the radiation field on top of the roof.
The RDP's demand on compressed gases and/or any An RDP expresses a need for additional Somewhat
ZTB-RISK-011 | Utility Supply other ZTB utilities might be greater than the supply Technical utility capacity (gas, electrical power, Likel Marginal
available through the existing MFC distribution system. etc.) v
Codes of Record (CoR) chosen for design and installation . - .
ZTB-RISK-012 | Code Compliance are updated. DOE or AHJ does not allow grandfathering Business 3:; d:tzaei:rt?:/::i?ai EZ\F/{eISb:VSrI:d after UXI?I:ZI Significant
of the ZTB systems within the older version of the code g g v
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ZTB RISK REGISTER

Crucial component is identified with no

Crucial component suppl Crucial components are unavailable for procurement . ) - . Ver N . INL Technical
ZTB-RISK-013 . P PRl . P . P Technical alternatives, as unavailable without . ¥ Significant Mitigate .
chain without supply chain development . Unlikely Leadership
supply chain development
. . . Potential system user provides new .
) . Postulated user requirements change which require . . . ) ) R . -, INL Technical
ZTB-RISK-014 | Changing Design Inputs . . g . g . q Programmatic | testing requirements beyond designed Likely Significant Medium Mitigate )
functionality changes and require redesign o . Leadership
capability at a late stage of design
I ff for k Lack of availabl hnical hedul R ilabl INL Proj
ZTB-RISK-015 nadeguate staff for key ack of available technical resources creates schedule Programmatic e59urces unavailable to support Unlikely Marginal Mitigate roject
technical areas - INL delay project schedule Management
. . . . Vendor submits contract change .
Cost overrun on test bed Rework is required or inaccurate cost estimates were . _— e Somewhat N . . INL Project
ZTB-RISK-016 . 9 Programmatic | request due to fabrication difficulties, . Significant Medium Mitigate )
system(s) provided for loop components otc Likely Management
ZTB-RISK-017 Emt'ergent issues affect Rework is required on de5|gry docum.ents (revisions, etc.) Technical New req'um?men.t .to be incorporated Unlikely Marginal Accept INL Techn|.<:al
design documents due to unexpected and required design changes into design identified Leadership
Selected components . . . . .
. Th t t , fab te, lidat . S | f t t t . . . s INL P t
ZTB-RISK-018 | unavailable at necessary € project cannot procure, tabricate, or validate Technical Upplier o c'omponen cannot mee Unlikely Critical Medium Mitigate rojec
. components to NQA-1 standards NQA-1 requirements Management
quality levels
ZTB-RISK-019 Installed sys'ten?s do not S'ch.edule 'de'lays a.nd possibly Fost overruns occur due to Technical 'Supplle.d part fails acceptance/receipt Sorqewhat significant Medium Mitigate Ins'tallatlon
meet specifications difficulty in installing and testing components inspection Likely Project Team
. S 3 t, hedule of readi t . Negative SPI/CPI trend k . - Low- - INL Project
ZTB-RISK-020 | Readiness Assessments .cope cost, or schedu ? of readiness assessments Programmatic egative SPI/ rendonwor Unlikely Significant OYV Mitigate rojec
increases beyond baseline plan package or scope add Medium Management
. . Equipment trade studies yield only one Engineering
. Specifi t ly b lable th h . - S hat L . -, . .
ZTB-RISK-021 | Sole-source suppliers Ssec:i;crcomponen S may only be avallable through one Business vendor for a specific o[?fg @ Significant Medium Mitigate Design Project
PP component/system 4 Team
Problems encountered during initial system inspections . . . . .
. . - - ) Syst t Id tisfact S hat ) Low- Installat
ZTB-RISK-022 | System Inspection Schedule require additional schedule time to complete test bed Technical ystem Inspections yleld tnsatistactory omew @ Marginal oYv Accept ns. aration
results Likely Medium Project Team
startup
ZTB-RISK-023 Acuden.t at faC||.|ty during ?chedulg delays incurred due to accident during system Business Accident occurs at facility Ve.ery Critical LO\{V Mitigate INL Project
system installation installation Unlikely Medium Management
NRIC National Technical Director
. DOE Programs supporting the implementation of ZTB . . . . . . . INL Project
ZTB-RISK-024 Funding lapse or delay € u.pp ne 'mp ! Business informs project of expected funding Unlikely Crisis Medium Accept )
lose/reduce funding to the ZTB program lapse Management
DOE does not approve the . . . . L . .
This review could yield to negative outcomes pertainin . DOE rejects ZTB documented safet Ver " Low- INL Technical
ZTB-RISK-025 updated ZTB Documented 15 revi w uavt gative ou P ning Technical .J Y ¥ . v Critical ik Accept I.
. to the project analysis Unlikely Medium Leadership
Safety Analysis
. - . Readily available electronic .
. L Implementation of digital controls allow for modularity of . . i . . . . INL Technical
ZTB-RISK-026 | Opportunity - Digital controls P I '.gl . W vlanty Technical components are identified for use in Very Likely Significant Exploit I.
control console and simplicity of cable runs Leadership
control console/panel
Inadequate staff for key . . . .
. Lack of available technical reso s creates schedul . Resources unavailable to ort . . . . INL Project
ZTB-RISK-027 | technical areas - ac varia chnicalresources creates schedule Programmatic € . urces unavai supp Likely Marginal Medium Mitigate rojec
delay project schedule Management
Subcontractor(s)
Schedule delays and possibly cost overruns occur due to L .
Contractor unable to meet . . . . Supplier initiates contract change . L Low- INL Project
ZTB-RISK-028 ctor u . challenges with contractors meeting technical Programmatic upplier initiates ¢ actchang Unlikely Significant ; Transfer rojec
contractual requirements . . . request Medium Management
requirements included in contracts
Inclement weather (wind/rain/cold, etc.) delays system Anticipated weather conditions do not INL Proiect
ZTB-RISK-029 Inclement Weather installation schedule (e.g., replacing ZPPR's roof will Business meet required installation/construction Likely Significant Medium Mitigate Mana e|J11ent
require the cell to be open to the exterior environment). environmental conditions 8
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ZTB RISK REGISTER

Requirements not identified during design phase (e.g.,
following DOE O 420.1C provides a wide breadth of
. requirements contained within referenced documents Requirement identified that requires
Undocumented/Missed . . . . Somewhat .
ZTB-RISK-030 . [numerous orders, guides, etc.]). Because the Technical additional project scope to be . Marginal
Requirements . . . . . Likely
requirements are provided in this manner, the design completed
process may not capture all requirements specified by
DOE 0 420.1C.
RDPs are being designed in parallel with ZTB. Interfaces, Initial RDP encounters interface issues Somewhat
ZTB-RISK-031 | RDP Interface Assumptions physical or otherwise, between the ZTB and an RDP may | Technical . . Marginal
. . with ZTB Likely
not be adequately captured during the design phase.
L - - - - o
ZTB-RISK-032 Long Lead Items ong lead items cannot be or(?lered early enough in the Technical 'Qqug/lnput from ve.ndor identifies Likely Critical
project to meet expected project end date inability to meet project schedule
National Environmental NEPA may require an Environmental Assessment (EA) or The Environmental Compliance Permits Somewhat
ZTB-RISK-033 . Environmental Impact Statement (EIS) to complete test Business (ECPs) cannot be issued due to . Crisis
Protection Act (NEPA) e . Likely
bed modifications regulations.
ZTB-RISK-034 | Subcontracting Delays Issuing subcontracts requires more schedule time than Programmatic Expected |s§uance date of critical Very Likely Significant
planned contracts slips by one or more weeks
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Appendix B
ZTB Work Breakdown Structure
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Appendix C

Design Issues

Issue Number

Name

Description

Labels

ZTB-AI-001

Location of Cooling System
Interface

Determine the location of the heat
exchangers within the ZPPR cell - this
impacts piping run lengths from the
demonstration reactor cooling system.

Demonstrator Action ltem

ZTB-AI-002

Argon Supply

Determine peak demand and steady-
state demand supplied to demonstration
reactors. 5 L/min assumed sufficient for
normal operations but need peak flow.
Determine the total volume of argon
required for demonstration reactors.
Determine whether to use the existing
MFC argon distribution system or to
design a new system based on the
demands of the end users.

Design Activity,
Demonstrator Action ltem

ZTB-AI-003

Nitrogen Supply/Storage Method

Determine the nitrogen supply, storage,
and distribution strategy based on the
end user demand.

Design Activity,
Demonstrator Action ltem

ZTB-Al-004

Instrument Air Supply

Evaluate instrument air demand and
quality/capacity of existing MFC
distribution system.

Design Activity,
Demonstrator Action ltem

ZTB-AI-005

Heaviest Demonstration Reactor
Component

Determine the heaviest demonstration
reactor component that needs to be
lifted within the cell

Demonstrator Action Item

ZTB-Al-006

Roof Opening Size and Position

Determine the roof size opening and
positioning - impacts demonstration
reactor movements and shielding

Design Activity

ZTB-Al-007

Demonstration Reactor
Maintenance Strategy

Determine whether maintenance will be
performed remotely vs. hands-on. Also, if
it will it be possible to open the reactor
enclosure while it's operating.

Design Activity

ZTB-Al-010

ZTB Cell Power Supply
Configuration

Determine the power supply
configuration within the ZTB cell. One
panel vs. two (normal and diesel).

Design Activity

ZTB-Al-011

Power Requirements

Determine the power requirements
(voltage, current, etc.) for equipment on
site. This includes the Class 1E power
required (Do ZTB systems need
uninterruptible power?). This might
generate additional functions (transform,
etc.) that the ZTB distribution system
must perform.

Design Activity

ZTB-Al-012

Diesel Backup

Determine whether the standby diesel
supports Class 1E battery charging. Also
determine diesel capacity.

Design Activity
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Issue Number

Name

Description

Labels

ZTB-AI-013

Evaluate Argon-41

Evaluate the Argon-41 load on the
ventilation system, especially as it relates
to leakage from the demonstration
reactor.

Design Activity

ZTB-AI-014

SCRAM Signals

Determine what ZTB systems/events
trigger demonstration reactor SCRAM

Design Activity

ZTB-AI-015

Post-SCRAM Protocol

Define who does what calculation for
reactor re-start and what the strategy is
depending on the unexpected SCRAM
trigger

Design Activity

ZTB-AI-016

Cyber Security Requirements

Need to determine the cyber security
requirements across the respective
organizations.

Design Activity

ZTB-Al-018

Cooling Coil Radiation Monitoring

Determine whether area radiation

monitors are needed on ZTB cooling coils.

Design Activity

ZTB-AI-019

ZTB Critical Spares

Identify critical spares for ZTB support
systems and then determine where to
store them at MFC.

Design Activity

ZTB-AI-020

Demonstration Reactor Critical
Spares

Identify critical spare for the
demonstration reactor systems and then
determine where to store them at MFC.

Demonstrator Action ltem

ZTB-AI-022

Personnel Access

Determine whether it is going to be
possible to grant MFC site access to
demonstration reactor personnel.

Design Activity

ZTB-Al-023

Confinement Penetrations

Need to determine whether all
confinement penetrations need isolation
or if it is just a subset.

Design Activity

ZTB-Al-024

Fire Protection Strategy

Need to determine the fire protection
strategy for the ZTB. Is active suppression
required?

Design Activity

ZTB-Al-025

Disconnecting Utilities

Need to determine the strategy for
disconnecting utilities after reactor
operations. Does this need to be done
remotely? Are cameras required?

Design Activity

ZTB-Al-026

Sampling During Operations

Need to determine whether samples are
required during reactor operations.

Design Activity

ZTB-Al-027

Required 1&C Signals

Determine the required I1&C signals
needed from the demonstration reactor
for successful operation of ZTB systems.

Design Activity

ZTB-Al-028

SSC Classifications

Determine the conceptual list of Safety
Class and Safety Significant SSCs for the
purposes of allocating requirements
imposed on safety components.

Design Activity

ZTB-Al-029

Angle of Roof Penetrations

Roof penetrations should be off-angle
(e.g., avoid perpendicularity with the
roof) to address streaming of radiation
through the roof.

Design Activity
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Issue Number

Name

Description

Labels

ZTB-AI-030

Compatibility and Rigor of 1&C
Signals

The instrumentation and control scheme
in the pre-conceptual design assumes a
basic communication protocol is used
between the reactor control system
(provided by demonstrator) and the
standard industrial controls system used
in by the ZTB (provided by INL). If a more
complex or robust communication
protocol is needed or required, a
substantial amount of engineering effort
and/or additional hardware may be
required.

Design Activity

ZTB-AI-031

Structural Integrity of ZPPR Control
Room (MFC-774)

Since Safety-Class electrical equipment
will be located in or routed through the
ZPPR Control Room (MFC-774) it needs to
be analyzed to NDC-3 criteria. If the
structure cannot meet the criteria then
an alternate location for the batteries
must be determined.

Design Activity

ZTB-Al-032

Overpressure Protection Capability

Since the capability of the overpressure
protection capability may impact the
reactor-specific safety analyses, the
maximum capabilities of the design shall
be calculated and communicated to
RDPs.

Design Activity

ZTB-Al-033

Stand-alone Cell Ventilation

The current design of ZTB assumes the
new ventilation system will replace the
existing ventilation system. Because of
competing requirements for the
ventilation system originating from the
multiple facilities using it, it may be more
cost-effective to construct a stand-alone
ventilation system for the cell. This option
should be investigated in later stages of
ZTB design.

Design Activity
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Appendix D
ZTB System Breakdown Structure
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1. INTRODUCTION

Demonstration reactors are currently being designed for operation at the Materials and
Fuels Complex. Based on the fuel type and quantities, a safeguards category 1 facility
will be needed. The Zero Power Physics Reactor (ZPPR) meets the necessary security
requirements. This document covers the functional and operational requirements
(F&ORs) for the modification to ZPPR to support the demonstration reactors being
considered.

2. OVERVIEW
2.1 Ownership of the F&OR
The ZPPR cognizant system engineer is the owner of this F&OR.
2.2 End-User of Engineered Item or Activity

The ZPPR nuclear facility manager is the end-user of the as-modified facility.

3. ENGINEERING INPUTS

3.1 Functional Requirements

Safety-class structures, systems, and components (SSCs) shall be able to
accommodate a single failure and still meet their intended safety function, as
required, to ensure compliance with the facility acceptance criterion.

Basis: DOE O 420.1C

Safety-class SSCs shall be designed such that they are protected against dynamic
effects, including the effects of postulated pipe ruptures, missiles, pipe whipping
(applicable for high-energy pipe systems), and discharging of fluids, that may
result from equipment failures and from events and conditions outside the nuclear
reactor facility.

Basis: DOE O 5480.30

Support systems (e.g., electrical power, cooling) required to ensure that safety
SSCs can provide their required safety function shall also be considered
safety-class systems.

Basis: DOE O 420.1C
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Safety SSCs shall not be prevented from performing their required safety
functions by the failure of non-safety SSCs.
Basis: DOE O 420.1C

If required to maintain its safety function, a system to transfer heat from
safety-class SSCs to an ultimate heat sink shall be provided.
Basis: DOE O 5480.30

3.1.1

Structural

1.

The existing backup containment structure shall be removed,
including the catenary cable grid and all mesh, gravel, and sand
materials above it.

A method for installation of a demonstration-reactor package
shall be provide in the ZPPR cell structure.

ZPPR cell structure shall be capable of withstanding a differential
pressure of 1 iwc without failure.

The roof of the ZPPR cell shall be capable of supporting a live
load of 100 Ib/ft%.

The roof of the ZPPR cell shall incorporate designed lift points
on the inside of the cell, on the underside of the roof, for hoisting
and rigging of items and equipment.

The roof of the ZPPR cell shall be capable of supporting loads
from facility equipment that will be installed on the roof.

The average cell air temperature shall be maintained below
100°C during reactor operation. Portions of reactor systems may
exceed the 100°C limit, but measures must be taken to prevent
the cell structure from exceeding the limit.

Basis: TEV-3774 and ECAR-664 provide documentation that
temperatures above 100°C result in degradation of concrete
properties. If the average air temperature in the cell is maintained
below the limit, and if no localized hot spots or impingement
occurs, the limit is considered to be satisfied. If there are
concerns about localized hot spots or impingement insulation,
baftles or heat shields may be necessary to prevent exceeding the
temperature limit.

ANSI/ACI-349 shall be followed for new concrete structures.

AISC-N690 shall be used for new safety-related steel structures.
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10.

11.

12.

13.

AISC-360 shall be used for new non-safety-related steel
structures.

The cell structure shall be designed and analyzed to meet natural
phenomenon hazard (NPH) Category NDC-3 for seismic, wind,
precipitation, and flooding.

The ZPPR cell structure shall be maintained as confinement
boundary. The structure shall be designed with features to
minimize leakage (see Subsection 3.4.2(2) for leak rate criteria).

The ZPPR cell roof shall be accessible by permanently installed
structures (e.g., ladders, stairs, etc.) meeting the requirements of
29 Code of Federal Regulations (CFR) 1910, Subpart D.

3.1.2  Cell Temperature Control

1.

A cell cooling system shall be provided with the ability to
remove 500 kWt total from the cell and demonstration reactor.

A cell cooling system shall maintain the cell air temperature at
40°C or below.

Basis: The 40°C temperature limit for the cooling system will
provide sufficient margin for passive decay heat cooling
capability (no cooling equipment running) without violating the
structural temperature limit of 100°C.

The cooling system shall have the capability to operate at a lower
capacity and lower power draw.

Cell cooling piping shall meet ASME B31.3.

Cell cooling equipment shall comply with the applicable
standards and codes of AHRI 550/590, ASHRAE 90.1-2016 and
the ETL.

If required, a system shall be provided to maintain the cell space
temperature above 15°C.

The cell cooling system shall not be safety related. If the system
fails, the demonstration reactor shall shut down, and decay and
residual heat shall be removed passively.
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3.1.3 Cell Ventilation

1.

10.

In order to minimize the spread of contamination to the
environment, ventilation systems shall be designed to provide a
continuous airflow pattern from the environment into the
building and then from noncontaminated areas to potentially
contaminated areas and then to normally contaminated areas.
Basis: DOE O 5480.30

An isolation function shall be provided for any penetration in the
ZPPR cell.

Filtration for the ZPPR cell shall be provided for any ventilation
penetrations/ducting.

A means to ensure the ZPPR cell is not over pressurized shall be
provided.

Ventilation and filtration equipment shall meet the requirements
of ASME AG-1.

Filtration equipment shall meet the requirements of
DOE-STD-3020-2005.

A means to test and quantify the leak rate of the confinement
boundary shall be provided.

A means to connect effluent from demonstration reactor filtering
systems and delay tanks shall be provided.

Basis: Filters and delay tanks are to be provided by the
demonstration reactor project, but a facility connection needs to
be provided.

Emissions monitoring shall meet the requirements of 40 CFR 61,
Subpart H.

The ventilation exhaust stack shall have an effluent monitoring
system. Both the stack and monitoring system compliant with
ANSINI13.1

Basis: Multiple reactors concepts that will challenge the limits for
unmitigated emissions exist. To provide the flexibility for
operation of demonstration reactors a compliant stack monitoring
system will be required.
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1.

12.

Demonstration reactors shall provide engineered systems that
mitigate the reactor specific emissions to cause less than

0.1 mrem/year dose to the public.

Basis: The equipment that may be necessary to ensure this
requirement is met will be driven by the specific reactor design.
Given the reactor design dependence, it is not feasible for the
facility to develop a generic system that covers all potential
reactor concepts.

During reactor operation, the ZPPR cell shall be maintained at a
negative differential pressure and a low flow condition
maintained at a negative pressure.

3.14 Electrical

1.

An on-site electric power system shall be provided to permit
functioning of safety class structures, systems, and components.
Basis: DOE O 5480.30

Safety class electric power systems shall be designed to permit
appropriate periodic inspection and testing of important areas and
features such as wiring, insulation connections, and switchboards
to assess the continuity of the systems and the condition of their
components.

Basis: DOE O 420.1C. Requirements for Class 1E electrical
systems will be provided in a separate FOR.

Electrical power shall be made available to the ZPPR cell to
provide for the following:

A. Temperature Control equipment covered in this FOR

B Reactor startup

C. Reactor operation

D Backup power that is capable of carrying the loads from

reactor startup and reactor operation.

Basis: The demonstration reactors may use molten fuels,
which should be kept from solidifying until final
shutdown.
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4.

Connections for an alternate portable, backup power supply, shall
be available.

Basis: There may be a need for connecting an alternate backup
power supply in the event of an extended loss of commercial
power and a failure of the installed backup power system.

3.1.5 Mechanical

1.

2.

Compressed air shall be available for use in the ZPPR cell.

A compressed-gas header and storage location for bulk
compressed-gas supply shall be provided.

Modifications, additions, or new pressure-piping systems shall
meet the requirements of ASME B31.3.

Any effluent from over-pressure protection on pressure systems
in the cell shall be routed to the facility exhaust system.

3.1.6 Reactor Control Area

1.

An area shall be provided for control of the demonstration reactor
during operation.

The control area shall be physically separated from the reactor by
an approved fire barrier.

The control room shall provide sufficient protection to the reactor

operators to allow operation through anticipated operational
events.

3.2  Operational Requirements

3.2.1 Demonstration Reactor Installation/Removal

1.

An equipment staging area shall be provided outside the ZPPR
cell.

A transit path for reactor installation shall be demonstrated
without lifting over the ZPPR vault and workroom or the Fuel
Manufacturing Facility (FMF).
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3.2.2

3.2.3

3.24

Preparations for heavy lifting shall be made to allow mobile
cranes to access the facility and perform lifting operations.

The polar crane shall be removed from the ZPPR cell.
Basis: To provide more vertical clearance and allow for larger
equipment placements.

Radiological Controls

1. A visual signal indicating reactor operation shall be provided at
normal entry points to the ZPPR cell.

2. Measures shall be taken to ensure the facility or facility
equipment is not damaged or interfered with during the operation
of a demonstration reactor.

3. Shielding shall be provided to limit the dose to a facility worker
on the roof of the ZPPR cell to less than 5 mrem/hr.

Criticality Safety

1. LRD-18001, INL Criticality Safety Program Requirements
Manual, shall be followed.

2. Methods shall be incorporated to ensure moderators used in the
ZPPR cell are prevented from migrating to the other areas of the
ZPPR facility.

3. Systems containing moderators shall not be routed through the
ZPPR work room or vault.

4. Systems containing moderator shall use construction methods to
minimize leaks, with a preference towards welded systems.

5. Leak-detection systems that have the ability to identify leaks in

systems containing moderators shall be in place.

Accident Monitoring

1.

Provide a means to monitor accident releases as required for

emergency response.
Basis: DOE O 420.1C

Post accident monitoring signals shall be provided to the ECC.
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3.3

3.4

3.2.5

1.

Human Factors

Human-factors engineering shall be considered in the design of
systems that have a human interface.
Basis: DOE O 5480.30

Maintenance Requirements

Modifications to ZPPR must be designed to facilitate inspections, testing,
maintenance, repair, and replacement of safety-SSCs as part of a reliability,
maintainability, and availability program with the objective of maintaining the
facility in a safe state.

Basis: DOE O 420.1C

Owner Specified Technical Requirements

34.1 Structural Limits

1.

The allowable floor loading in the ZPPR cell is 3000 1b/ft? on all
portions of the concrete floor, with an overall limit of at least
500,000 Ib.

Basis: These floor loadings are the original design limits shown
on drawing 757827, Sheet 06. An effort will be made to increase
the overall limit. If the effort is successful, a new limit will be
document in an engineering calculation and analysis report
(ECAR).

The allowable floor loading on the steel-frame floor over the pit
is 1500 Ib/ft2.

Basis: ECAR-1670, “ZPPR Reactor Cell Steel Frame Floor
Structural Analysis,” provides the limits on the steel floor. The
steel floor may be removed if necessary.

3.4.2  Safety Classification

1.

The ZPPR cell shall be either a safety-class or safety-significant
structure to withstand NDC-3 events.
Note: Final safety designation will be documented in the Safety

Analysis Report.

The ZPPR cell confinement shall be either safety-class or safety-
significant to ensure a leak rate less than or equal to 5% of cell

volume per day at -0.5 iwc.
Note: Final safety designation will be documented in the Safety

Analysis Report.
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3. The ZPPR cell ventilation system shall be either safety-class or

safety-significant to provide isolation and filtration capability.
Note: Final safety designation will be documented in the Safety
Analysis Report.

3.4.3 Radiological

l. The ZPPR cell shall be operated consistently with the INL
Radiation Protection Program.

2. The ZPPR cell shall be designed to keep occupational radiation
exposures within regulatory limits, and as low as reasonably

achievable.
Basis: DOE O 420.1C

3.44 Environmental

1. ZPPR cell must have the means to confine uncontained
radioactive materials to minimize their potential release in
facility effluents during normal operations and during and
following accidents, up to and including design basis accidents
(DBAs).

Basis: DOE O 420.1C

2. The ZPPR cell shall be designed to protect against chemical
hazards and toxicological hazards consistent with
DOE-STD-1189-2008.

Basis: DOE O 420.1C

3. Facility process systems must be designed to minimize waste
production and mixing of radioactive and non-radioactive wastes.
Basis: DOE O 420.1C

4. The ZPPR cell shall have a means to prevent or mitigate the
release of radioactive gases to the environment.
Basis: DOE O 420.1C
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3.4.5 Life Safety

1. DOE-STD-1066 shall be followed for the ZPPR cell and
associated systems.
Basis: DOE O 420.1C
Note: DOE-ID-FPEX-06-09 is currently in place for ZPPR. The
requirements of this exemption still need to be met or the
exemption updated.

2. A system capable of detecting reduced oxygen in the ZPPR cell
shall be provided.

3.4.6 Natural Phenomenon Hazard Classification

1. Seismic: SDC-3 Limit State B as defined by DOE
STD-1020-2016 and ASCE 43

2. Wind: WDC-3 as defined by DOE STD-1020-2016
3. Precipitation: PDC-3 as defined by DOE STD-1020-2016
4. Flooding: FDC-3 as defined by DOE STD-1020-2016

5. The ZPPR cell must have instrumentation or other means to
detect and record the occurrence and severity of seismic events.
Basis: DOE O 420.1C

3.4.7  Security

l. The ZPPR cell shall be maintained as a Safeguard Category 1
facility.

2. Security systems shall be upgraded as necessary to account for
an operating reactor in the ZPPR cell.

3.5 Supporting Information
3.5.1 Need for Configuration Management
1. Modifications to ZPPR will be configuration managed.
3.5.2  Sensitive Information

1. ZPPR control room and cell shall be access controlled and
managed to those with a need to know while the intellectual
property of a demonstrator is in the facility.
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4.

3.5.3

3.5.4

3.5.5

3.5.6

APPENDIX

Export Control

Demonstration reactors that may be placed in ZPPR will likely involve
design organizations outside INL. INL export-control processes shall be
followed when providing information to outside entities.

Need for Engineering Change Control

Engineering change control will follow SP-30.1.2, “MFC and TREAT
Facility Modification Control.”

Level of Verification Needed

It is anticipated that various elements will be used to cover the necessary
modifications to ZPPR. The minimum level of verification for all
elements will be technical checking and informal design review
Additional rigor will be applied when determined necessary by the
technical integrator and based on the quality level of the system.

Technical Integrator

The MFC nuclear remote-systems manager is the technical integrator for
this work.

Appendix A, Source Documents

Appendix B, Charts, Diagrams, Drawings, Lists, etc.
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Appendix A

Source Documents
DOE 0 420.1C, Facility Safety
DOE-STD-1189-2008, Integration of Safety into the Design Process
LRD-18001, INL Criticality Safety Program Requirements Manual

SP-30.1.2, “MFC and TREAT Facility Modification Control”

Appendix A
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N\ CH—2 RAIL SYSTEM 1Z‘UT_C>1N CHW coIL 2 880'—0"
[ | —— — ©
N NAAN TV | |
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